Introduction
The equine corpus luteum is functional for about 14-15 days during the non-fertile cycle (Daels and Hughes, 1993) . Luteal regression, characterized by a decrease in progesterone production (functional regression) and cellular demise of luteal tissue (structural regression), is thought to be brought about by secretion of uterine PGF 2α (Douglas and Ginther, 1975) . However, the precise cellular mechanisms involved in luteolysis are not fully understood.
In general, cells die by three recognized mechanisms: apoptosis, necrosis (Kerr et al., 1972) or terminal differentiation (Stenn, 1983) . During necrosis, cells develop increased permeability, which leads to cellular swelling, non-selective DNA degradation and inflammation in the surrounding tissues. Apoptosis is a process whereby cells die in a controlled manner. Morphologically, apoptosis is characterized by shrinkage and condensation of chromatin (marginated chromatin) or fragmentation into multiple, small dense bodies. Cells may then break up into discrete membrane-bound structures containing variable amounts of condensed chromatin or cytoplasm, which are then ingested by macrophages or neighbouring cells, or are extruded into the lumen of the blood vessels (Kerr et al., 1972; Wyllie et al., 1980) . Alternatively, cells may shrink into a single dense round mass with a densely basophilic pyknotic nucleus (Wyllie et al., 1980) . Terminal differentiation is another type of cell death, whereby certain types of cell, such as the outer squamous layers of skin and the granulosa cells next to the antrum of atretic ovarian follicles, undergo nuclear destruction or expulsion before the cessation of cellular function leads to cell death (Stenn, 1983; van Wezel et al., 1999) .
Most recent studies on luteal cell death have used 3' endlabelling of the DNA fragments (TUNEL) to determine the type of cell death (Zheng et al., 1994; Bacci et al., 1996; Young et al., 1997; McCormack et al., 1998) . In situations in which apoptosis is the major form of cell death in a tissue, this technique can assist in quantifying the degree of apoptosis (Negoescu et al., 1998) . However, when necrosis In mares, little information is available on the type of cell death that occurs during natural and induced luteal regression. Corpora lutea were collected from mares in the early luteal phase, days 3-4 (n = 4); mid-luteal phase, day 10 (n = 5); early regression, day 14 (n = 4); late regression, day 17 (n = 4); and 12 and 36 h (n = 3 per group) after PGF 2α administration on day 10. . Histological and ultrastructural sections were examined and TUNEL was used to detect DNA fragmentation. In early luteal regression, there were more pyknotic luteal cells and extracellular round dense bodies compared with the midluteal phase. By late regression, there was a significant decline (P < 0.01) in the number of round dense body clusters and a marked accumulation of lipid. Twelve and 36 h after PGF 2α administration, changes were similar to those seen in natural regression, but there was also a marked infiltration of neutrophils. Accumulation of lipid was not apparent until 36 h after PGF 2α administration. Ultrastructural examination revealed rarefaction and distortion of the mitochondrial cristae in most of the luteal cells by the mid-luteal phase. Luteal cells showed shrinkage, accumulation of lipid with foamy appearance, and disruption in both smooth endoplasmic reticulum and mitochondria during natural and induced regression. Some luteal cells showed fragmented or pyknotic chromatin characteristic of apoptosis. Other luteal cells showed crenation of the nuclear membrane and shrinkage of the nucleus, features not characteristic of apoptotic cell death. In late regression, capillaries were obstructed by swollen endothelial cells and round dense bodies. These results show that structural regression may be initiated as early as the mid-luteal phase, and is clearly visible by day 14 in natural regression and 12 h after induced regression. Apoptosis did appear to be involved in luteolysis in the equine corpus luteum, but non-apoptotic changes were also observed in some luteal cells during regression. Accumulation of lipid was a late feature of luteal regression.
occurs alongside apoptosis, TUNEL may lack specificity. Therefore, the use of this technique alone to detect the exact type of cell death in the corpus luteum may be misleading (Fraser et al., 1999) . Definitive identification relies upon examination of the ultrastructure of cells (Wyllie et al., 1980) . Apoptosis has been described in luteal regression using electrophoresis or TUNEL to detect DNA fragments in cattle (Juengel et al., 1993; Zheng et al., 1994) , sheep (Kenny et al., 1994) , pigs (Bacci et al., 1996) , women (Shikone et al., 1996; Yuan et al., 1997) , monkeys (Young et al., 1997) , golden hamsters (McCormack et al., 1998) and rabbits (Dharmarajan et al., 1994) . However, another form of cell death was observed alongside apoptosis in the corpus luteum of women and monkeys (Fraser et al., 1995; Shikone et al., 1996) .
In mares, the corpus luteum starts regressing functionally from day 10 to 12 onwards and, on day 16, the luteal cells decrease in size. By day 20, two types of cell degeneration were reported by histological examination: (i) pyknosis associated with shrunken nuclei and very condensed cytoplasm; and (ii) karyolysis characterized by lysis of chromatin (Van Niekerk et al., 1975) . In another study, ultrastructural examination revealed that pyknotic nuclei were present on day 15 (Levine et al., 1979) . Data from these studies were limited to cellular changes during natural luteolysis. There have been no reports on the types of cell death that take place during PGF 2α -induced luteolysis in mares. While noting that forms of cell death other than apoptosis may occur during luteolysis (Shikone et al., 1996; Fraser et al., 1999) , it is important to use techniques that can differentiate types of cell death to study changes that may be specific to mares. In the present study, biochemical and ultrastructural methods were used to investigate the point at which structural luteolysis occurs and the types of cell death involved in both natural and PGF 2α -induced luteal regression.
Materials and Methods

Animals
Pony mares of mixed breeding, between 4 and 12 years of age and 250-450 kg body weight were used. The ovaries were examined each day during oestrus by transrectal ultrasonography to determine day of ovulation (day 0). Blood samples (10 ml) were collected by jugular venepuncture into evacuated heparinized tubes for 5 days before ovariectomy to establish progesterone concentrations. Samples were centrifuged at 2000 g for 15 min at 4ЊC, and the plasma was stored at -20ЊC before assay. The ovary containing the corpus luteum was removed via a colpotomy incision after appropriate sedation and analgesia (Lawler et al., 1999) .
Tissue and blood collection Corpora lutea were obtained in early luteal phase, days 3-4 (n = 4); mid-luteal phase, day 10 (n = 5); early regression phase, day 14 (n = 4); late regression phase, day 17 (n = 4); and 12 and 36 h (n = 3 each) after intramuscular administration of the PGF 2α analogue, cloprostenol (Estrumate, 263 µg per 500 kg, Schering-Plough Animal Health Ltd, Uxbridge) on day 10 of the oestrous cycle. The ovaries were transferred on ice to the laboratory immediately after surgical removal. The ovarian cortex layer was removed, and the corpus luteum enucleated from the ovary and dissected free of connective tissue. The corpus luteum was weighed and then cut to give representative pieces of both the central and peripheral areas. The samples were fixed in freshly prepared 4% (w/v) paraformaldehyde in 0.1 mol PBS l -1 for 24 h at 4ЊC, then processed the following day and embedded in paraffin wax. Samples (1 mm ϫ 1 mm) from both peripheral and central areas of the corpora lutea were fixed for 4 h in 3% (v/v) glutaraldehyde in 0.1 mol cacodylate l -1 buffer at 4ЊC and post-fixed with 2% (v/v) osmium tetroxide for 1 h at room temperature. The samples were then washed three times in 0.1 mol cacodylate buffer l -1 and embedded in resin for transmission electron microscopy (TEM). Remaining representative samples were frozen in an isopentane-dry ice slurry and stored at -70 Њ C.
Histological examination
Paraffin wax sections were stained by conventional histological methods using haematoxylin and eosin. Morphological criteria were used (Kerr et al., 1972; Wyllie et al., 1980) to differentiate and quantify cells that were actively undergoing apoptosis at the time of fixation, from dense small round bodies that were considered to represent residual products of apoptosis (apoptotic bodies). Apoptotic cells were defined as cells with nuclei containing condensed chromatin that was: (i) marginated into delineated, densely staining masses aligned with the nuclear membrane (marginated chromatin); (ii) shrunken into a single, round regularly shaped, dense, homogeneously staining mass (pyknotic appearance); or (iii) fragmented into multiple homogeneously dense masses (multiple fragments) situated inside the cells. Apoptotic bodies were considered to be remnants of apoptotic cell death, and defined as discrete membrane-bound structures containing various amounts of condensed chromatin and situated singly or in clusters between apparently viable cells, in the capillaries or extracellular space.
Electron microscopy
Ultra-thin sections of 40-70 nm thickness were obtained, stained with uranyl acetate and counterstained with lead citrate and examined with a Philips CM12 transmission electron microscope.
Detection of apoptosis by labelling 3' ends of the DNA fragments with digoxigenin-11-UTP (TUNEL) TUNEL was performed on paraformaldehyde-fixed paraffin wax-embedded tissue using the technique described by Negoescu et al. (1998) with modifications.
Sections (4 µm) were mounted on slides coated with BioBond (British Biocell Int, Cardiff), deparaffinized and rehydrated. Endogenous peroxide activity was blocked by immersion in 3% (v/v) H 2 O 2 in methanol for 30 min. After two washes of 5 min each in 0.01 mol PBS l -1 (pH 7.4), slides were incubated with proteinase K (Sigma, Poole) (20 µg ml -1 in 20 mmol Tris l -1 , 2 mmol CaCl 2 l -1 , pH 7.8) for 25 min. Sections were then washed with PBS containing 5 mmol EDTA l -1 for 10 min at room temperature to stop the proteinase K reaction. After two 5 min washes with PBS, the slides were equilibrated with terminal deoxynucleotidyl transferase (TDT) buffer containing 30 mmol Tris-HCl l -1 , pH 7.2, 140 mmol sodium cacodylate l -1 and 1.5 mmol CoCl 2 l -1 , placed on an ice-cold plate and loaded with 2 nmol digoxigenin-11-dUTP l -1 and 25 U ml -1 TDT in enzyme buffer. Negative control slides were treated with enzyme buffer lacking TDT. The slides were immediately covered with parafilm sheets and incubated at 37ЊC for 75 min. The parafilm was then removed and the slides washed twice (5 min each) in standard saline citrate buffer to stop the reaction. After a further 5 min wash with PBS, sections were incubated for 10 min at room temperature with 25% (v/v) normal rabbit serum in PBS, and then incubated for 90 min at room temperature in a humidified chamber with sheep anti-digoxigenin antibody (Boehringer, Mannheim) diluted 1:100 in blocking solution. After two further washes in PBS, the slides were incubated for 30 min at room temperature with biotinylated rabbit anti-sheep immunoglobulin (Vector Laboratories, Peterborough) diluted 1:500 in PBS. Two washes in PBS (5 min each) were followed by 30 min incubation at room temperature with horseradish peroxidase-avidin biotin complex (Dako, High Wycombe) diluted in PBS according to the manufacturer's instructions. After two further washes in PBS, sections were visualized with 0.05% (w/v) 3,3'-diaminobenzidine (Sigma) in 0.05 mol Tris-HCl l -1 , pH 7.4, and 0.01% (v/v) H 2 O 2 . The sections were then washed in distilled water, lightly counterstained with haematoxylin, dehydrated in graded alcohol, cleared in xylene and mounted in DPX (distrene plasticiser xylene).
Detection of lipid droplets using oil red O stain
Frozen sections (8 µm) were stained with oil red O (Sigma) and then counterstained with haematoxylin (Filipe and Lake, 1990).
Detection of neutrophils using periodic acid-Schiff reaction
Formalin-fixed sections were stained with periodic acid-Schiff (PAS) reagent (Sigma) for 10 min and then counterstained with haematoxylin (Filipe and Lake, 1990).
Quantification method
The above stains were used on each tissue block, a minimum of three times. Two representative sections (peripheral and central) from each corpus luteum were selected and four fields per section were examined at ϫ 400 magnification. The identity of the sections was obscured to ensure blind counting. Individual clusters of dense bodies and pyknotic nuclei that showed positive immunostaining for TUNEL, or that were identified in haematoxylin and eosin stained sections, were counted separately. The results were expressed as mean Ϯ SEM. Sections were counted at ϫ 400 magnification to quantify the number of neutrophils. The total number of neutrophils for each stage of the oestrous cycle was expressed as mean Ϯ SEM. Quantimet image processing and analysis system 500 (Leica, Cambridge) was used to measure the proportion of the section stained by oil red O (area of the oil red O stain divided by the total area measured ϫ 100). Areas were analysed at ϫ 200 magnification. The system was optimized for each individual section on the basis of the density of the stain. The data were expressed as percentage mean Ϯ SEM per unit area. Two sections per corpus luteum and four per section were used in the quantification, as increasing the number of sections above two sections per corpus luteum and four fields per section did not alter the result. There was no difference between the mean of the variables in central and peripheral regions, and therefore data were combined to represent one variable.
Progesterone assay
Progesterone concentrations were determined in plasma by radioimmunoassay as described by Watson et al. (2000) . The limit of detection of the assay was 0.5 ng ml -1 and the intra-and interassay coefficients of variation were 9.0 and 12.6%, respectively.
Statistical analysis
The differences in early, mid-luteal, early and late regression corpora lutea were analysed by one-way analysis of variance using stage of the luteal phase as the betweensubject variable. Data from untreated mid-luteal phase corpora lutea were compared with corpora lutea after induced regression using a one-way analysis of variance with treatment as the between-subject variable. The data were then subjected to Tukey's test of multicomparison among means. Results were considered to be significantly different when P < 0.05.
Results
Corpus luteum mass and progesterone concentrations
Morphological examination and progesterone concentrations for each corpus luteum were used to confirm the cycle stage. In three of the 23 corpora lutea, the designated stage of the cycle did not conform to the expected morphological appearance and progesterone concentration and these corpora lutea were therefore re-classified. In two corpora lutea that were collected on day 14 (early regression group), one of the animals had high progesterone concentrations (9.4 ng ml -1 ) together with luteal cells of healthy appearance. Therefore, this animal was reclassified to the day 10 (mid-luteal phase) group. Progesterone was undetectable in the other animal and there was histological evidence of marked structural degeneration consistent with the day 17 (late regression) group. Therefore, this animal was reclassified to the late regression phase. The third corpus luteum was collected on day 17, but progesterone concentration was 1.2 ng ml -1 on the day of the surgery and its morphological changes coincided with those of the early luteal regression group (day 14). This animal was therefore reclassified to the early regression phase.
The mid-luteal phase was associated with maximum production of progesterone and concentrations were significantly higher (P < 0.01) than they were in other phases in the cycle. The time of luteolysis was day 14: progesterone concentrations on day 13 for the four corpora lutea collected in early regression were 2.1, 5.8, 2.4 and 1 ng ml -1 , and by day 14, progesterone concentrations had declined sharply to 0.5, 1.2, 0.5 and 0.5 ng ml -1 , respectively. All of the mares that were ovariectomized on day 17 had low concentrations of progesterone (< 0.5 ng ml -1 ) for 2 days before ovariectomy. Twelve hours after PGF 2α administration on day 10, progesterone concentrations had declined significantly (P < 0.01) from 6.0 Ϯ 0.01 ng ml -1 before PGF 2α injection to 1.0 Ϯ 0.01 ng ml -1 by 12 h after the injection. By 36 h, functional regression was complete and progesterone concentrations were < 0.5 ng ml -1 (Fig. 1) .
The corpus luteum showed changes in mass, shape and colour throughout the oestrous cycle. During the early luteal phase, the corpora lutea were irregular in shape, blood-coloured and contained a large central blood clot. By day 10, the corpus luteum became mushroom-or gourdshaped, pink-to-purple, and four of the five corpora lutea still contained a clot of blood, although this was smaller than in the early corpus luteum. By day 14, two of four corpora lutea contained a small clot of blood, and the other two corpora lutea appeared to be homogeneous. By day 17, the corpus luteum became round, cream or yellow, and comprised a solid mass of tissue. The mean mass of luteal tissue was significantly lower (P < 0.05) in the late luteal phase (day 17) and 36 h after PGF 2α , than in the early and mid-luteal phase (Fig. 1) .
Luteal tissue histology and TUNEL immunostaining
Sections were examined by both haematoxylin and eosin and TUNEL immunostaining, and quantitative analysis of apoptosis was carried out on both sets of sections. As the morphological appearance was similar with haematoxylin and eosin and TUNEL, only the TUNEL immunostaining results are shown (Fig. 2) . The luteal cells in the mid-luteal phase were polyhedral to elongated, and had abundant cytoplasm containing spherical nuclei (Fig. 2a) . Pyknotic cells with densely basophilic nuclei were rarely observed. Endothelial cells had oval-to-vesicular shaped nuclei in cross-section or elongated-to-spindle shaped nuclei in longitudinal section. By day 14, luteal cells exhibited nuclear degenerative changes (Fig. 2b ). Pyknotic cells with densely basophilic nuclei were observed between apparently healthy luteal cells and were classified as apoptotic cells. Discrete membrane-bound structures containing various amounts of condensed chromatin were observed singly or in clusters between apparently viable cells, in capillaries and the extracellular space, and were classified as apoptotic bodies. In late regression (day 17), all the luteal cells had decreased in size and contained vacuoles with a foamy appearance (Fig. 2c) . Fibroblasts and connective tissue infiltrated the corpora lutea; intercellular debris was evident, and leucocytes were common. The nuclear changes were similar to those observed in day 14 sections. Twelve hours after PGF 2α injection, a huge influx of neutrophils was seen, and a number of cells showed pyknotic nuclei and round dense bodies were present in the extracellular space. At 36 h, most of the luteal cells were surrounded by neutrophils, and pyknotic cells and clusters of round dense bodies were abundant (Fig. 2d) .
TUNEL immunostaining was found to be limited to pyknotic cells and round dense bodies. There was no immunoreactivity in interstitial cells, endothelial cells, apparently healthy luteal cells or other types of cell. Approximately 90% of pyknotic cells and dense bodies exhibited positive immunostaining with TUNEL. Positive pyknotic cells and dense bodies were seen during the midluteal phase (Fig. 2a) , early regression (Fig. 2b) , late regression (Fig. 2c) , and 36 h after PGF 2α injection (Fig. 2d) . Moreover, neutrophils also stained positively at 36 h after PGF 2α injection.
Quantitative analysis of haematoxylin and eosin and TUNEL-stained sections are shown (Fig. 3) . Unstained and corpus luteum (g) Fig. 1 . Corpus luteum mass (ᮀ) and plasma progesterone concentrations () throughout the oestrous cycle and after PGF 2α administration (263 µg cloprostenol per 500 kg) in mares. Data are expressed as mean Ϯ SEM. a Significantly (P < 0.01) higher than all other groups; b significantly (P < 0.05) lower than all other groups; and c significantly (P < 0.05) lower than during mid-luteal phase (day 10). pyknotic cells and round dense bodies in TUNEL-stained sections were not included in the quantitative analysis. In early regression, the number of pyknotic cells increased (P < 0.05) and remained without significant change until late regression. During induced regression, there was an increase in the number of pyknotic cells in the corpora lutea collected 36 h after PGF 2α (P < 0.05) compared with those collected after 12 h. Clusters of round dense bodies increased in early regression (P < 0.01), and declined in late regression (P < 0.01). After induced regression there was an increase in clusters of round dense bodies 36 h after PGF 2α (P < 0.01) compared with 12 h after PGF 2α .
Oil red O
In the early luteal phase, most of the luteal cells showed intense staining for oil red O. By the mid-luteal phase, fewer luteal cells showed positive staining (Fig. 2e) . In late regression (day 17), very intense staining was observed both intracellularly and extracellularly (Fig. 2f) , reflecting high accumulation of lipid in the regressing corpus luteum. Twelve hours after PGF 2α administration, few cells showed oil red O staining and by 36 h there was moderate accumulation of lipid in most of the luteal cells. The percentage area of lipid (Fig. 4) in mid-luteal phase and early regression was decreased markedly (P < 0.01) compared with in the early luteal phase. By late regression, the percentage area of lipid had increased sharply (P < 0.001).
Neutrophils
PAS stains all types of polysaccharides. Neutrophils in the equine corpus luteum stained positively with PAS (Fig.  2g) . In early and mid-luteal phases (Fig. 2h) , as well as in early regression, occasional neutrophils were observed, particularly in the blood vessels. On day 17, the number of neutrophils had increased slightly (Fig. 4) . After PGF 2α injection at both 12 and 36 h, the number of neutrophils increased sharply (P < 0.001).
Ultrastructural changes
Ultrastructural examination during the early luteal phase (Fig. 5a ) showed luteal cells with central or peripheral, ovalto-round shaped nuclei with one or more nucleoli. Heterochromatin was finely granular and uniformally dispersed in the nucleus. The cytoplasm contained vesicles or smooth endoplasmic reticulum (SER), electron dense bodies, ribosomes and lipid droplets. Mitochondria were round-to-elongated, and were normal in appearance with tubular and lamellar cristae. In the mid-luteal phase, luteal cells showed features similar to cells in the early luteal phase. However, the mitochondrial matrix was rarefied in some luteal cells. During regression, some luteal cells showed early stages of margination of chromatin (not shown), had fragmented chromatin (Fig. 5b) , or appeared to be pyknotic (Fig. 5c) . Single or clusters of dense round bodies (Fig. 5d) were observed in the extracellular space or in the capillaries (Fig. 5f ). Other luteal cells showed nonapoptotic changes with shrinkage, crenation and involution of the nuclear membrane (Fig. 5e) . The luteal cells showed accumulation of lipid, and disruption in both SER and mitochondria (Fig. 5b,c,e) .
Endothelial cells were seen in the capillaries with ovalto-vesicular shaped nuclei, and contained aggregated dispersed heterochromatin with complex infoldings of the nuclear envelope during the mid-luteal phase (Fig. 6a) . During regression, the endothelial cells appeared to protrude into the blood vessel lumens and were swollen or detached from the plasma membrane (Figs 5d and 6b) . Other cell types, such as macrophages, were abundant, engulfing apoptotic bodies or degenerated luteal cells (Fig.  6c) . A marked influx of neutrophils was seen only during induced regression (Fig. 6d) .
Discussion
This report has described cell death during natural and induced luteal regression in mares, combining, for the first time, morphological changes observed under light and electron microscopy with immunostaining for the 3' end labelling of DNA (TUNEL technique). This is also the first description, to the author's knowledge, of cellular changes during PGF 2α -induced luteolysis in mares. The detection of pyknotic luteal cells and round dense bodies that stained positively with TUNEL during natural and PGF 2α -induced regression was strongly indicative of apoptosis. However, the crenation of the nuclear membrane and the shrinkage of the nuclei in the luteal cells were indicative of an additional form of cell death, possibly terminal differentiation.
In the present study, rarefied mitochondria indicative of minor degenerative changes were observed in some luteal cells in the mid-luteal phase (day 10), which is around the time of onset of declining progesterone concentrations in the oestrous cycle in mares (Van Niekerk et al., 1975) . By day 14, and by 12 h after PGF 2α administration on day 10, marked structural degenerative changes were detected and circulating progesterone concentration had fallen to < 1 ng ml -1 . Overall, these results indicate that marked structural changes did not precede the decrease in progesterone concentrations. These results are in agreement with studies in ruminants (Umo, 1975; Juengel et al., 1993; Zheng et al., 1994) and monkeys (Young et al., 1997) .
The degeneration of the mitochondria in the mid-luteal phase in mares is an early step in the decline in progesterone concentrations, since the mitochondria are involved in steroidogenesis (Levine et al., 1979) . Recent studies in other tissues indicate that disruption of mitochondria reflects early signs of apoptosis (Kroemer et al., 1998; Wilson, 1998) . Since apoptotic cell death is regulated by oncoproteins in the mitochondria (Brenner et al., 1998) , this period of regression may be the key time for further study of changes in the expression of the oncoproteins that initiate the cell death process. In the present study, both TUNEL technique and morphological examination under light and electron microscopy demonstrated the presence of pyknotic cells and round dense clusters of chromatin in the extracellular space, characteristic of apoptosis. The pathways of cell degeneration in natural and induced regression appeared to be broadly similar. It appears that luteal regression in mares may involve apoptosis in the elimination of degenerated and unwanted cells from the corpus luteum, in agreement with a previous ultrastructural study in sheep that showed apoptosis in luteal cells (Sawyer et al., 1991) .
In the present study, TUNEL immunostaining was limited to pyknotic cells and round dense bodies. Paraffin waxembedded histological sections of marmoset corpus luteum have been shown to exhibit apoptosis both morphologically and immunohistochemically (by TUNEL) (Young et al., 1997) . However, resin sections from the same tissue did not show the ultrastructural features associated with classic apoptosis, but rather autophagocytosis and nonlysosmal disintegration, and it may be that TUNEL over-represented apoptotic degeneration by staining non-apoptotic chromatin (Fraser et al., 1999) . Although many studies have used TUNEL to detect apoptosis, few have investigated the death of the luteal cells ultrastructurally. In the present study, results from haematoxylin and eosin staining and TUNEL were confirmed by electron microscopy, highlighting the importance of ultrastructural examination of tissues in investigating cell death during regression.
When haematoxylin and eosin and TUNEL staining were used to quantitate changes in the corpus luteum during regression, the peak increase in round dense bodies occurred in the early luteal phase (day 14), and was followed by the sharp decrease during late natural regression (day 17), indicating an active removal mechanism. It is not clear whether ultimately these round dense bodies undergo phagocytosis or are flushed out of the corpus luteum via the blood supply, but data from the present and previous studies indicate that elimination by macrophages is likely (Wyllie et al., 1980; Manjog and Joris, 1995) . The increased numbers of macrophages during luteal regression, observed ultrastructurally in the present study and immunocytochemically in that of Lawler et al. (1999) , indicate a role for macrophages in the removal of apoptotic bodies.
The crenation of the nuclear membrane with shrinkage of the nucleus seen in some luteal cells during luteal higher than during mid-luteal phase (day 10); b significantly (P < 0.01) higher than during late regression phase (day 17); cd significantly (P < 0.05) higher than during mid-luteal phase (day 10); e significantly (P < 0.05) higher than during mid-luteal phase (day 10) and 12 h after PGF 2α administration; f significantly (P < 0.01) higher than during mid-luteal phase (day 10) and 12 h after PGF 2α administration.
Day 10 higher than during mid-luteal phase (day 10); b significantly (P < 0.001) higher than during mid-luteal (day 10) and early regression phases (day 14); c significantly (P < 0.01) higher than during mid-luteal phase (day 10) and 12 h after PGF 2α administration; d significantly (P < 0.001) higher than during mid-luteal phase (day 10). regression in mares may indicate the presence of an additional non-apoptotic form of cell death at luteolysis. It is possible that these cells were undergoing the type of cell death known as terminal differentiation in which progressive condensation of nuclear material results eventually in pyknosis and nuclear destruction or expulsion (van Wezel et al., 1999) . In the regressing corpus luteum of marmosets, autophagocytosis and nonlysosmal disintegration may occur (Fraser et al., 1999) . In autophagocytosis, the nucleus disintegrates and is digested by autolysosomes and, in nonlysosmal disintegration, organelles swell and formation of vacuoles and cytoplasmic destruction is followed by nucleus disintegration. However, these changes were not observed in the present study in mares.
TUNEL and ultrastructural examination confirmed that endothelial cells did not show any morphological signs of apoptosis, but that they did show signs of swelling and detachment from the walls of the blood vessels. Ultrastructural studies have shown that apoptosis occurs in endothelial cells during regression of the corpora lutea in guinea-pigs (Azmi and O'Shea, 1984) and in sheep after PGF 2α -induced regression (Sawyer et al., 1990) , but that it does not occur in cows (Augustin et al., 1995; Modlich et al., 1996) . These studies strongly indicate that there are species differences in the fate of endothelial cells during luteolysis, and that the vasculature in bovine and equine corpora lutea regresses in a similar manner. This is the first report, to the authors' knowledge, showing infiltration of neutrophils into the corpus luteum after PGF 2α -induced luteolysis in domestic animals. An intense infiltration of neutrophils was observed 12 and 36 h after PGF 2α administration. Influx of neutrophils during luteal regression has been reported during spontaneous regression in hamsters, indicating that neutrophils assist in initiating luteal regression in this species (McCormack et al., 1998) . Although the essential function of neutrophils is phagocytosis, they also initiate and modify the magnitude and duration of the acute inflammatory processes (Jain, 1993) . It has been proposed by studies in the hamster corpus luteum that these cells play a role in luteal regression via cytokine secretion (McCormack et al., 1998) . A marked increase in lipid droplets during luteal regression was observed. This accumulation of lipid was seen in late regression (day 17), but not in early regression (day 14), indicating that accumulation of lipid is a feature of late regression, occurring after the onset of structural regression. This time course of events was confirmed by observations after PGF 2α -induced luteolysis. At 12 h after PGF 2α administration, there was no lipid accumulation, despite the onset of structural regression, but by 36 h after PGF 2α administration, there was a marked lipid accumulation. Accumulation of lipid is associated with corpus luteum regression in sheep (Deane et al., 1966; Umo, 1975) , cows (Priedkalns and Weber, 1968) , sows (Waterman, 1980) , rats (Guraya, 1975) and marmosets (Young et al., 1997) . The exact mechanism by which lipid accumulation occurs during regression is not well understood. A degeneration in mitochondria and SER has been proposed to result in a decline in progesterone production and to play a role in the accumulation of lipid (Umo, 1975; Levine et al., 1979) . However, the present study showed that accumulation of lipid does not occur directly in response to a decline in progesterone production and the luteolytic effect of PGF 2α , but requires a period of time to develop.
In conclusion, degenerative changes in the equine corpus luteum may be initiated by day 10 (mitochondrial rarefaction), and apoptotic bodies and cells were present by day 14 of the cycle and 12 h after PGF 2α injection. Nonapoptotic changes were also observed in some luteal cells during regression. Lipid accumulation is a feature of late regression. A marked influx of neutrophils was observed after PGF 2α -induced regression.
